5-Ethylidenehydroorotate, Calcium-Salt-1,5-Hydrate, X-Ray Structure X-ray diffraction methods have been employed to establish the crystal structure of a new, unusual pyrimidine analogue, 5-ethylidenehydroorotate, obtained by a photochemical rearrangement of 5-ethylorotate. Crystals of the calcium salt of the title compound are monoclinic, space group Pc, cell constants a=14.631, 6 = 10.038, c = 19.168Ä, /? = 137.7°, and contain four molecules, two cations and three water molecules per asymmetric unit. The structure was solved by direct methods and refined to R = 5.2% on the basis of 2653 diffractometer measured data. The four independent molecules represent two pairs of enantiomers with slightly differing conformations linked together by an intricate system of hydrogen bonding and Ca2+-coordination (pentagonal bipyrimidal). The structure of the compound in aqueous medium, as that in the crystal.
Introduction
We have shown elsew here1 that 5-ethylorotate in aqueous medium undergoes an unusual photochemi cal rearrangem ent, via two different pathways, to form 5-ethylidenehydroorotate, which in turn can undergo partial thermal regeneration to the parent 5-ethylorotate, and quantitative conversion photochemically to 5-ethyluracil1. We describe here the crystal structure of the calcium salt of 5-ethylidenehydroorotate, a new and novel pyrim idine analogue which was shown by spectroscopic methods to re main unchanged when brought into solution.
E xperim ental
The photoproduct of 5-ethylorotate was purified on PF 254 Silica gel and crystalized from 20% aqueous methanol. The obtained needles have mono clinic lattice symmetry and cell dim esions: a -1 4 .6 3 1 (3 ), b = 1 0 .0 3 8 (3 ), c = 1 9 .1 6 8 ( 4 ) Ä, and ß -137.7 (2) °. The systematic absence hoi with I = odd indicated the space group to be either P2/c or Pc. Using the possibility that the molecule had crystallized as the free acid, the size of the unit cell appeared to necessitate the presence of 8 molecules. The data were colledted from a crystal of dimensions 0.1 X 0.3 X 0.5 mm3 using an automatic STOE difRequests for reprints should be sent to Priv.-Doz. Dr. W. Saenger, Max-Planck-Institut für experimentelle Medizin, Abteilung Chemie, Hermann-Rein-Straße 3, D-3400 Göt tingen.
established by spectral methods, is the same fractom eter operated in the 0 / 2 0 scan mode at a rate of l°m i n _1 with CuKa radiation (A = 1.54182 Ä ) . Background was measured for 10 seconds on the high and low sides of each scan. The data were corrected for Lorentz and polarization factors but not for absorption.
The centric space group P2/c, with only 2 in dependent molecules, was first tried, as this seemed more likely than Pc with 4 independent molecules. The | E | values displayed a rational dependence with k = odd reflections being weaker than k = even. In addition subsets of reflections were stronger than others in the following way: oee with k -4 n , eeo with k = 4 n + 2, oeo with k = 4>n + 2 and eee with h = 4 n. The origin could not be properly fixed unless all classes of reflections were renormalized to <(E2) = 1.0. W hen this was done reasonable starting sets of phases could be generated by M ULTAN2 or Long's iterative program (R E L )3. All of the con sistent sets yielded only fragments of the structure and would not improve and therefore MULTAN was used in the acentric space group Pc. The most consistent set yielded 50 out of 52 correct atoms for the 4 molecules and two large peaks which were tentatively identified as 2 sodium ions. The initial R factor was 39.6% and two difference Fouriers completed the structure and showed 6 water mole cules for a total of 60 atoms.
Full m atrix least squares refinement (O RFLS)4 of the coordinates and temperature factors reduced the R factor to 17.0% but forced the temperature factors of the presumed N a ions to values of -1.3 A 2. Examination of the coordination geo- .8026 (5) .3372 (6) .7620 (4) 31 (5) 72 (6) 39 (4) 7 (5) 25 (4) 16(4) C2D
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.6957 (7) -.0413 (7) .5932 (6) 45 (7) 63 (7) 36 (5) 6 (6) 31 (5) 12 (5) metry and consideration of charge led to the con clusion that the sodiums were probably calciums eluted from the Silica gel material. The 4 negative charges on the carboxyl groups had to be balanced by 4 positive charges, and since only 2 ions were evident, as well as high density by the behavior of the tem perature factors, they were most likely Ca2+ ions. W hen this was changed the R factor reduced dram atically to 9.6% with tem perature factors for the calcium ions of 2.2 Ä 2. A subsequent analysis of the crystal confirmed that it was the calcium salt (see below ). Anisotropic refinement of the non-hydrogen atoms, plus assignment to the rem aining hydrogen atoms either by difference Fourier or geometrically by hydrogen bonding, with tem perature factors of the atoms to which they were attached and correc tion of 21 reflections for secondary extinction ef fects5, reduced the R factor to 5.2%. The atomic coordinates of the non-hydrogen atoms are listed in Table I and observed and calculated structure fac tors are given in Table I I 6 .
Results and D iscussion
The most complex aspect of the structure is the presence of 4 independent, chiral molecules. Space group Pc has a m irro r plane in he form of a c-glide and this allows both enantiomorphs to reside in the crystal. But this does not explain the 4 dif ferent molecules in the asymmetric unit unrelated by a glide plane. Tables III and IV show 1.432(6) 1.451 (7) C 5 -C 8 1.334(7) 1.336(7) C 8 -C 9 1.491(14) 1.498(16) C 6 -C 7 1.520(18) 1.584(12) C 7 -0 7 1 1.262 (7) 1.227 (7) C 7 -0 7 2 1.268 (7) 1.257(7) 
) -C (6) and C (6) -C (7) bonds which is reflected in the bond angles C (5) -C (6) -N ( l) and N ( l) -C (6) -C (7)
. These values have higher standard deviations and may not be signifi cant, but any differences may be due to packing forces which are very im portant in this structure. While the electronic configuration can account for half the result, another effect is needed. This can be seen in Table V , which lists the dihedral angles of the 4 molecules. The most crucial angles are the ones about the C(6) -C (7) bond and are N ( l ) -C (6) -C ( 7 ) -0 ( 7 1 ) , N ( l) -C (6) -C ( 7 ) -0 (7 2 ), C ( 5 ) -C ( 6 ) -C ( 7 ) -0 ( 7 1 ) , and C ( 5 ) -C (6) -C (7) -0 ( 7 2 ) . Ignoring the signs of the angles due to the glide plane, it becomes clear that molecules A/D and B/C have similar conformations related by a 30° rotation about the C (6) -C (7) bond. This can also be seen in Fig. 1 as the bond about C (6) -C (7) is clearly rotated. The reason for this is in the calcium coordination geometry (Fig. 2 and Table V I) . Carboxyl group C is related to calcium 1 in the same way as carboxyl group B is related to calcium 2, while 0 (7 2 )D and 0 ( 7 2 ) A are related in the same way to calcium 1 and 2, re spectively. This explains the similarity in the con form ation about C (6) -C(7) of A/D and B/C. With electronic differences and conform ational changes we then can have 4 different molecules for each combination. (2) 0 ( Table VI . A detailed analysis of the structure indicated the exocyclic double bond to be at C (5) -C (8 ), making the ring somewhat strained since C (6) is tetra hedral. The deviations of the atoms from the least squares planes of atoms N ( l ) , C (2 ), N (3 ) and C (4) are given in Table V II. The maximum devia tion of atoms N ( l ) , C (2 ), N (3 ) and C (4) is 0.076 Ä, as compared to d ih y d ro u rid in e7 with 0.072 Ä. As in dihydrouridine, C (5) is practically in the plane, with a maximum deviation of 0.155 Ä, while C (6) is very much out of the plane, or puckered, with a minimum deviation of 0.490 Ä and maximum of 0.664 Ä. Atoms 0 ( 4 ) and 0 ( 2 ) are also somewhat out of the plane by about 0.2 Ä, while C (8) and C (9) are more in the plane due to the exocyclic carbon-carbon double bond. Atom C (9) can be said to be trans to C (4) and cis to C (6 ). It cannot be cis to C (4) for then the methyl hydrogens could be too close to 0 (4 ). Table VI and Fig. 2 , the calcium coordination system can be described as a slightly distorted pentagonal bipyramid. This has been ob served recently in calcium hydroxylcarboxylate com plexes 8' 9. The distortion is due to the forced pres ence of both carboxyl oxygens from molecule C and molecule D into the system of calcium 1 and 2 respectively. These are reflected in a distortion of the angles about the calcium atoms, as can be seen in Table VI . Although the pentagonal base is slight ly distorted, it is fairly flat and its angles sum to 361.7° and 361.4° as compared to 360° for per fect planarity.
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Returning to
The hydrogen bonding system is quite complex and is shown in Fig. 3 and Table V III. The calcium and w ater coordination system strongly bonds the structure together as well as base pairing N (3) to 0 ( 4 ) fo r A/C and B/D pairs. In addition base stacking interactions are present but at only 5 Ä separation and are therefore weak. This is probably due to the tetrahedral C (6) with its carboxyl group, which deviates over 2 Ä from the plane of the base. A hydrophobic pocket is also seen between methyl groups.
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